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Lepton Angular Distribution in the “Naïve” Drell-Yan

Angular Distribution in the “Naïve” Drell-Yan
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Lepton Angular Distribution of “naïve” Drell-Yan:
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Drell-Yan lepton angular distributions (pT > 0)

e.g., Collins-Soper frame

Θ and Φ are the decay polar 

and azimuthal angles of the μ- 

in the dilepton rest-frame

2 21 3
1 cos sin 2 cos sin cos 2

4 2

d

d

 
      

 

      
= + + +            

A general expression for Drell-Yan decay angular distributions:

Reflect the spin-1/2 nature of quarks

     (analog of the Callan-Gross relation in DIS)

   Insensitive to QCD - corrections

Lam-Tung relation:  1 2 

−

−

− =



6

Lepton angular distributions in pion-induced Drell-Yan

The Lam-Tung relation,1-λ-2ν=0, is violated !

Violation of the Lam-Tung relation suggests interesting new origins 

(Brandenburg, Nachtmann, Mirkes, Brodsky, Khoze, Muller, Eskolar, 

Hoyer,Vantinnen, Vogt, etc.)


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Boer-Mulders function h1
┴                   
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The violation of the Lam-Tung 

relation is due to the presence 

of the Boer-Mulders TMD 

function

The puzzle seems to be solved, and the first extraction 

of the novel Boer-Mulders function was obtained
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 and  Drell-Yan from Fermilab E866 p p p d+ +
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Sea-quark Boer-Mulders function is much smaller than 

          the valence BM function, as expected

(L. Zhu, J. Peng et al.

PRL 99; PRL. 102)
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Physics Letters B 758 (2016) 384–388 

2604.25678 

First measurement of Z-boson  angular coefficients, 
A0 up to  A4 , at 8 TeV

Measurement of Z-boson  angular coefficients, 
A0 up to  A7 , at 13 TeV



CMS (ATLAS) data for Z-boson 
production in p + p collision at 8 TeV

• Striking qT (pT) dependencies for λ and 𝜈 
were observed at two rapidity regions

• Is Lam-Tung relation violated?
10

(arXiv:1504.03512, PL B 750 (2015) 154)
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Data from CMS for Z-boson production in 

p+p collision at 8 TeV

• Yes, the Lam-Tung relation is violated (1-λ > 2ν)!

• Can one understand the origin of the violation of 

the Lam-Tung relation (It cannot be due to the 

Boer-Mulders function)?
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Interpretation of the CMS Z-production results
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How is the angular distribution expression derived?
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 Define three planes in the Z-boson
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All eight angular distribution terms are obtained!

2 20

1

22

3 4

2

5

6

7

(1 cos ) (1 3cos )
2

sin 2 cos

sin cos 2
2

sin cos cos

sin sin 2

sin 2 sin

sin sin

Ad

d

A

A

A A

A

A

A


 

 

 

  

 

 

 

 + + −


+

+

+ +

+

+

+

0 7 1 1 are entirely described by , and A A a −



15

Some implications of the angular distribution 

coefficients A0 – A7
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Some implications of the angular distribution 

coefficients A0 – A7
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Some bounds on the 

coefficients can be obtained
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Compare with CMS data on Lam-Tung relation
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Violation of Lam-Tung relation 

is well described with a finite 

non-coplanarity angle 

Phys. Lett. B758, 384
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Origins of the non-coplanarity
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A2
A1A0

These new data at 13 TeV contain much higher statistics 

than the 8 TeV data

The qT, rapidity, and beam-energy dependencies of the 

angular coefficients, and the violation of the Lam-Tung 

relation, can all be well described by the Geometric model
21
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A4

A7A6

A5

This is the first 

observation of 

non-zero values 

of the T-odd 

coefficients:       

A5, A6, and A7. 

The geometric 

model can 

describe these    

T-odd 

coefficients
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Three quantities are shown to be invariant for various 

reference frames (Faccioli et al.)

(Phys Lett B789, 352)

Other implications

Using the geometric model, we obtain a natural explanation 

for such invariance. In fact, we show that there are infinite 

numbers of such invariant quantities, not just three!



Other implications

Extend this study to Z plus jets data at LHC

• The angular distribution coefficients are expected to 
be different, in general, for Z plus single jet and Z 
plus multi-jets events

• Lam-Tung relation is expected to be satisfied by Z 
plus single jet events. It is also expected to be badly 
violated by Z plus two or more jets.

• The qT dependence of A0 would be different for Z 
plus a single quark jet events and Z plus a single 
gluon jet events (can lead to the validation of 
various algorithms for quark/gluon jets separation)

• Would be great to analyze these data from LHC!

24



Expected Z plus jets results

25

Z plus single gluon jet

Z plus single quark jet

Z plus single jet

(no L-T violation)

Phys. Lett. B797, 134895

Very different 

results for Z plus 

single jet, 

depending on 

whether it is a quark 

jet or a gluon jet
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Summary
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 the angular distribution 
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